Recovery of Hazardous Metals from Spent Refinery Processing Solid Catalyst  by Shen, Wei et al.
 Procedia Environmental Sciences  16 ( 2012 )  253 – 256 
1878-0296 © 2012 Selection and/or peer-review under responsibility of Basel Convention Coordinating Centre for Asia and the Paciﬁ c and National 
Center of Solid Waste Management, Ministry of Environmental Protection of China
doi: 10.1016/j.proenv.2012.10.035 
Available online at www.sciencedirect.com
The 7th International Conference on Waste Management and Technology 
Recovery of hazardous metals from spent refinery processing 
solid catalyst 
Wei Shen, Tao Li, Junfeng Chen 
China Waterborne Transport Research Institute, Beijing, 100088, China 
Abstract 
The extraction properties of metallic elements from the spent refinery processing catalyst were examined under citric 
acid leaching conditions. Different temperatures were tested for the extraction experiments and 80 oC was found to be 
most effective for metal extraction from the spent refinery processing catalyst. Compared to room condition, citric 
acid leaching treatment with 80 oC accelerated the dissolution of the catalyst waste solid, thus promoted the reaction 
of acid with hazardous metals such as Al, Ni, Mo. Furthermore, the optimum hydrothermal treatment temperature, 
time and liquid/solid ratio were 80 oC, 10 h and 8:1 (ml: g), respectively. 
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1  Introduction 
In the petroleum refinery operations, solid catalysts are extensively used to improve the process 
efficiency. The catalyst materials usually contain chemicals (e.g. metals, metal oxide, metal sulfides, etc.), 
which facilitate difficult hydrocarbons transformations with high selectivity and permit the refiners to 
produce the full range of clean transportation fuels with desired specifications from petroleum distillates 
and residues. Thus, for example, production of clean diesel fuels with low-sulfur levels is achieved by 
hydro-treating sulfur-containing gas-oil streams in the presence of catalysts containing Mo and Co or Mo 
and Ni on Al2O3. Catalysts are also extensively used in the conversion of heavy oils and residues to more 
valuable light and middle distillates and feedstocks for petrochemicals[1]. Thus, the volume of spent 
hydro-processing catalysts discarded as solid waste has increased significantly in recent years. Spent 
 
 Corresponding author. Tel.: +86-10-62079060; fax: +86-10-82020906. 
E-mail address: shenwei2008@yahoo.com.cn. 
© 2012 Selection and/or peer-review under responsibility of Basel Convention Coordinating Centre for Asia and the Pacific 
and National Center of Solid Waste Management, Ministry of Environmental Protection of China.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
254   Wei Shen et al. /  Procedia Environmental Sciences  16 ( 2012 )  253 – 256 
hydro-processing catalysts have been classified as hazardous wastes by the environmental protection 
agency (EPA) in the USA. 
In recent years, due to the shortage of natural ores as well as environmental considerations, the 
processing of solid wastes to extract metal values using microorganisms has attracted attention. Chemical 
as well as petrochemical industries use large quantities of solid catalysts which are land-filled as solid 
wastes after several cycles of regeneration. Some of these spent catalysts, apart from being classified as 
hazardous materials, contain valuable metals, such as platinum, molybdenum, cobalt, and vanadium. 
Due to their toxic nature, the disposal of spent catalysts can pollute the environment when the heavy 
metals are leached out. To avoid pollution in land disposal as well as minimize landfill space, the spent 
catalysts are subjected to metal extraction by various solubilization processes and reused in a variety of 
applications. Leached residue of spent hydrotreating catalyst, for instance, has been combined with ladle 
furnace slag for making of a high value added anorthite glass-ceramic materials[2,3].  
Metals such as Co, Ni and Mo which are potentially hazardous wastes are present in spent 
hydroprocessing catalysts. As a result of the stringent environmental regulations on spent catalyst handling 
and disposal, research on the development of process for recycling and reutilization of waste hydrotreating 
catalysts has received considerable attention. 
These metals can be leached by water after disposal. In recent years, this technique has been applied to 
waste solid treatment so as to recycle the waste material. However, the citric acid leaching properties of 
heavy metals from spent refinery processing solid catalyst are less reported in the literature. In the present 
study, the citric acid leaching treatments on spent hydroprocessing catalysts solid waste were conducted so 
as to understand the extraction behaviors of metallic elements from the solid catalysts solid waste. 
2   Experimental  
The spent hydro-processing catalysts solid waste was firstly pre-washed with distilled water and then 
subjected to citric acid leaching treatment. 
In the leaching process, a series of autoclaves were employed, and citric acid was used as extraction 
reagent. The spent hydro-processing catalysts was treated with 0.2 M citric acid (Aldrich, 99.998%) at 338 
K for 30 min and subsequently washed with deionized water.  
Thereafter, the spent catalysts after citric acid treatment was dried at 393 K for 10 h, then calcined at 
823 K for 2 h. The autoclaves were cooled and the supernatant solution was filtrated. Metallic elements in 
the leachate were determined by ICP-AES. On comparison, parallel experiments were also conducted at 
room conditions.   
3 Results and Discussion 
Figure 1 illustrates that citric acid treatment is much more effective for metal extraction with hot water 
condition compared to room temperature condition. However, the extraction amounts of Al, Ni and Mo as 
detected at room temperature condition is around 10% to 35% under citric acid condition. 
As one of the environmentally concerned hazardous metals, approximately 70% of Ni could be leached 
out compared to 3% at room condition. One interesting result from Figure 1 is that almost 7% of Mo could 
be leached out at room condition, while 70% of Mo leached out under hydrothermal treatment. This could 
attribute to the special acid forms of the acid and the mechanisms of hydrothermal process.  
Accordingly, it is supposed that the citric acid was partly ionized under the higher temperature condition 
in the present study. This status could restrain the consumption of the acid by Mo. On the other hand, it is 
understood that one of the main mechanisms of hydrothermal process is via dissolution, i.e. accelerate the 
dissolution of the ash into the liquor. Thus, it is concluded that citric acid preferentially reacts with Mo at 
room condition, but simultaneously reacts with all the metal in the spent catalyst under higher temperature 
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condition. Citric acid treatment promoted the reaction of acid with hazardous metals such as Ni, Mo, and 
furthermore, slowed down the consumption speed of the acid. 
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Figure 1. The extraction of elements from  spent catalyst by 0.1M citric acid solution with different temperature. 
The effect of citric acid treatment time on metal extraction from the waste catalyst solid was examined 
at liquid/solid ratios of 3:1 and 10:1 (ml: g). Table 1 shows that almost the same trends for the two ratios 
were found. The maximum metal extraction percentages were obtained at 5 h, and further citric acid 
treatment conversely reduced the extraction effect. For example, at a liquid/solid ratio of 5:1 (ml: g), 87% 
of Mo and 9.21% of Ni could be extracted into the leachate at a period of 6 h treatment.  
Under citric acid condition, the behaviors of metallic elements in the spent hydroprocessing catalysts 
solid follow the two ways, i.e. citric acid leaching firstly and then citric acid leaching precipitation along 
with different treatment temperature. It is indicate that metal leaching mechanisms are quite different 
under room and citric acid leaching conditions[4-6].  
Table1. Element leaching percentages by 0.1M citric acid solution along with hydrothermal treatment time (%)a 
Liquid/solid = 5 Liquid/solid = 10 
 
0.5 h 2h 4h 6 h 8 h 1h 2 h 4h 6 h 8 h 
Final pH 
1.36 2.63 3.41 6.24 6.48 0.92 1.32 2.41 5.96 6.13 
Al 24.9 35.6 18.9 9.82 5.99 72.2 91.4 80.4 106 103 
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K 30.8 56.8 45.0 48.7 69.7 49.3 89.2 57.8 55.1 69.6 
Mo 61.6 77.7 81.6 87.7 86.6 69.8 74 78 85 89 
Fe 17.5 18.2 5.66 2.49 0.04 41.0 105 104 104 105 
Co 6.59 10.5 4.54 41.9 45.6 7.57 88.6 70.1 76.1 79.9 
Ni 14.0 10.1 7.16 9.21 0.21 35.2 62.9 63.7 60.5 65.7 
Sr 40.5 89.6 52.0 57.6 69.4 76.0 102 82.5 58.2 32.5 
Cd 102 99.8 79.2 75.3 73.0 102 105 103 103 102 
 
a Treatment temperature = 80 ºC. 
At room temperature, the leaching is a surface controlled process, but under higher temperature 
condition, the citric acid solution could diffuse into the catalysts solid particles thus are split into 
fragments. This process could greatly accelerate the leaching effect of metals inside the particle into the 
liquor[7-8].  
4 Conclusions 
An effective process for heavy metal extraction from spent refinery processing catalyst solid was 
established in this work. The process consists of pre-washing and citric acid extraction. 
Compared to hot water condition, citric acid treatment accelerated the dissolution of the catalyst solid, 
thus promoted the reaction of acid with hazardous metals such as Ni, Mo, and Al.  
The acid simultaneously reacted with all the metal in the catalyst solid under citric acid treatment 
condition but preferentially reacted with Mo at room condition. The maximum metal extraction 
percentages were obtained at 5 h, and longer citric acid treatment conversely reduced the extraction effect.   
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